












































































































































































































































































































































































































Sample  Stir Time (min)  Dry Temperature (°C)  Dry Pressure (torr)  NCC 
A  5  22  760  Unfiltered 
B  1440  22  760  Unfiltered 
C  1440  54  ~1  Unfiltered 
D  1440  54  ~1  Filtered 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Acid Hydrolysis Set Up 
Note: Acid hydrolysis  was  originally  performed  in  the  Chemistry  Department’s  lab,  but  the  
Material  Engineering  Department’s  labs can accommodate this procedure as of May 2013. The 
acid hydrolysis was performed in Bldg 192 Room 212. The solvent exchange procedure was 
performed in the Nanotech Lab in Bldg 41 Room 205. 
 
DISCLAIMER: Some materials and equipment are batch size specific. This SOP was written for a 
batch size of 10g of cellulose. 
Hot Plate/Oil Bath 
1. Using a digital hot plate with stirring 








2. Put empty weigh-boat on scale. Close all  
doors  to  scale.  “Zero”  the  scale. 
 
 
3. Scoop out microcrystalline cellulose (MCC) 
onto weigh-boat until the scale reads 






4. Carefully transfer MCC from weigh-boat  





















Water and Acid 





6. Add DI water to 500 mL beaker.  
 
 
7. Place the beaker with water in it on a digital scale. “Zero”  the  scale.  Add 56.00 g of 95-98%      
    sulfuric acid to the water in the beaker. (CAUTION: use proper personal protection    
    equipment (PPE): acid-resistant gloves, goggles, apron. Use proper technique while handling  





8. Carefully add acid-water solution and stir  
    bar into the reaction vessel containing the   
    MCC. 
 
 
9. Cap the reaction vessel and insert a needle  
    into the top of the cap in order to allow for  
    ventilation. Secure the reaction vessel by  
    clamping the neck of the reaction vessel.  
    Lower the reaction vessel into the oil bath   
    so that the solution is submerged in the oil  
    bath, but not touching the bottom of the oil  
    bath container.  Tighten the nuts and  
    clamps so that the reaction vessel cannot  
    move.   
 
 










Acid Hydrolysis Procedure 
 
11. Remove the reaction vessel from the oil  
      bath and clamps. Remove the needle from   
      the top of the cap. Remove the cap from  
      the reaction vessel. Pour the reacted  
      solution into a 1000mL beaker. Add  
      enough DI water to the reaction vessel to  
      swirl around and pour into the same  
      beaker. Add 500mL DI water to the reacted  




12. Allow quenched solution to rest and separate. Most of the cellulose should fall to the  
      bottom within 10 minutes. Once settled, pour off about 300mL of the liquid from the top  
      layer into a 500mL beaker, which will be used as the waste beaker. NOTE: Do not pour down  
      the sink. Acid Waste and Mixed Solvent Waste Containers can be found under the fume  
      hood in the metallography room in Bldg 192. 
 
Water Wash 
13. Pour cellulose solution into 15 mL  
      centrifuge vials. (Any remaining  
      solution will be used for subsequent  






14. Using a digital scale, ensure that the vials  




15. Place filled and capped vials into the  
      centrifuge slots. Make sure that the vials  
      are distributed evenly to achieve balanced  






16. Run the centrifuge for 2 minutes at 2500  
      RPM. Adjust the time and RPM using the  
      (+) and (-) buttons if needed.  
 
 
17.  Pour  off  liquid  (“supernatant”)  from  vials   
      into  waste  beaker.  A  “puck”  of  cellulose   
      should remain at the bottom of the vial.  
      NOTE: A glass or wooden rod should 
      be used to stir the puck of cellulose into  
      solution after adding liquid. 
 
 





19. Fill each vial to about 14mL with DI water.  
      Again, make sure the weights of vials are  




20. Repeat steps 15-17 until each vial has undergone 4 water washes. Pour off liquid from each  




1. Put on appropriate lab safety equipment. (goggles, gloves, apron, etc...) 
 
2. Using a plastic pipette, fill each vial to about  
    14mL with solvent. Again, make sure the  







3. Place filled and capped vials into the  
      centrifuge slots. Make sure that the vials  
      are distributed evenly to achieve balanced  
      weight. Close the lid. 
 
  
4. Run the centrifuge for 2 minutes at 2500  
    RPM. Adjust the time and RPM using the  






5. Pour  off  liquid  (“supernatant”)  from  vials   
into  waste  beaker.  A  “puck”  of  cellulose  
should remain at the bottom of the vial. 
NOTE: A glass or wooden rod should be 
used to stir the puck of cellulose into 
solution after adding liquid. 
 
 
6. Repeat steps 3-5 until each vial has undergone 4 solvent washes. 
 
7. Transfer cellulose-solvent solution into  
    clean glass vials. Label each vial using a  
    sharpie to identify date created, solvent  
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Filtration Set Up 
Note: Filtration was performed in Bldg 192 Room 202. 
 
1. Put on gloves and goggles. Obtain cellulose 
solution and respective solvent.  
 
 
2. Obtain erlenmeyer flask with vacuum port, 
rubber stopper, filtration head, filter paper 
(0.2  μm).  Put  rubber  stopper  in  flask.  Slide  
filtration head into rubber stopper. Place 
one sheet of filtration paper onto top of 
















3. Secure the 
filtration 







4. Connect vacuum hose to vacuum port on 
erlenmeyer flask. NOTE: You may have to 
disconnect the hose from the vacuum 
oven in order to do this. Be sure to 
reconnect the hose when finished.  
 
NOTE: Make sure the oil in the vacuum is 
above the minimum oil line before 




5. Start vacuum.  
 
6. Pour cellulose solution through the 
filtration paper. Add more additional 















Oil Fill Port 
 








8. Disassemble filtration apparatus. 
 
9. Place filtration paper and dry cellulose in 
solid waste container located under the 
fume hood in Bldg 192 Room 212. 
 
 
10. Pour the filtered NCC solution into a clean 
glass vial. Label the vial with the date and 
contents using sharpie. 
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Note: Samples were prepared in Bldg 192 Room 212. 
 
*Keep log of all casting conditions and parameters. 
Stirring 
1. With  all  of  the  scale’s  doors  closed,  and  




2. Using a thin metal spoon, scoop out the 
arabinan onto the weigh-boat until you 






3. With an empty 100mL beaker on the scale 
“zero”  the  scale.   
 
 
4. Add the desired amount of filtered 
nanocrystalline (NCC) to the 100mL 


















5. With an empty 100mL beaker on the scale 
“zero”  the  scale.   
 
 
6. Measure out the required amount of 
solvent to achieve the desired weight% 
solution. NOTE: this may have to be done 
in two steps since if scale reaches its max 
weight capacity.  








7. Add arabinan, filtered ncc, solvent, and 
rounded stir bar to flat bottom reaction 
vessel. Place cap on reaction vessel. Put 
reaction vessel on hot plate. Turn stir knob 
to  “4”.  Do  NOT  turn  on  heat. 
 
 
7. Create  label  for  reaction  (user’s  name/contact info, contents). Allow to stir for 24 hours. 
 
Casting 




















9. Either dry the sample at room temperature 
under a fume hood or place in vacuum oven.  
When using the vacuum oven turn power on, 
set temperature (in °F) and allow to heat. 
NOTE: The temperature will overshoot by 
about 10 °F before falling to desired 
temperature. When using the vacuum pump, 
ensure the pump has a sufficient amount of 
oil. Do not leave vacuum pump running for 
more than 3 hours without checking oil level. 
Refer to operating manual for vacuum oven 
and pump for further instructions. 
 
 
10. Allow the sample to dry for 24-48 hours.  
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